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NATIONAL ADVISORY COMMITTEZE FOR AERONAUTICS

TECHNICAL #EMORANDUM NO. 597

RIVETING IN METAL AIRPLANE'CONSTRUGTION*

By Wilhelm. Pleines

PART II
Riveting Methods and Equipment (concluded)

Strength of Riveted Joints in Duralumin

D. Rivet'Inépection and Inspection Equipment

The inspection of riveted joints is simple in all points
accessible for hand riveting. In addition, the individual pieces
can be inspectéd‘from‘oﬁe place so that only the final connec-
tions nsed be iﬁspédted by final assembiy.‘ At any rate, the .-
inspecfion of individual'parts-can'be-made one by one and at one
place, provided the 'subassemblies are handy for inspection, as
the Rohrbach type, for example. Here the saving in inspection
personnel is considerable as the types of inspection instruments
used and their manipulation are simple and easy.-. :

Defective seating of rivet heads is usually determined by
thickness gauges (20 leaf from .0.03 to‘O.Z mm thick). Places not
visible to the eye are incpected by small mirrors and siﬁple-

_electric lamps. Defects which have to be done over are marked

with black varnish which is removed with alcohol solution after |
the defective spot has becn repaired and recnecked. The most

commnen defects are slanted clinching of rivets, imperfect seating,

" ghearing off of rivet head, demasge around rivet head, stretching

¥TNictverfenren im Mctallflugzeugbau." From Luftfanrtforschung,
Vol. VII, ¥o. 1, April 30, pp. 35-43. For Part I, sce ¥.A.C.A.
Technical kemorandum No. 596. :
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of metal strip in the rivet row, as well as all defects common
to hand riveting (see Figure 11).

Much discusszd is the problem'of satisfactory rivet inspec—
tion of parts accessible from one side only, which are hard or
even 1lmpossible to inspect without instruments. This problem is
one of the most disputéd points and constitutes one of the pet
arguments put forth by the foes of inside tube rlvetlng, and in
faot against all riveting of parts accessible from one side only,

It has been doubted qulte o;ten by misconstruing the actual
facts, that 1t is at all pOSSlble to cheok and inspect inside
tube rivet operations satisfactorily, such as Junkers has ap—
plied for a deoade or more, although no convincing reasons for
this doubt have ever been given. The precautions taken by the
Junkers company to this end are so exten31ve prd thorough that
doubts in every case are unwarranted. Already the undisputed
f§ct,”thgt defects in riveting never once were due to technical
disarrangements, proves the extensive safeguard of the riveting
devices and methods by ample inspection. , |

For inspecti’oé the inside riveti.ng-a;nd the Tivet heads in
tubing a small eleotrlc lump was previously used even for 1ong
tublng (6 - 8 m long, 30 - 50 mm diameter). Defects in head |
'snﬂpe or ar1v1ng can be detected qulte Sutle&CtOTLly, although
1nspectlon ca 11s for great prqctloe and oonsc1ent10usness on the
part of the inspector. On the other hand, inspecting by eye

alone 1s very strenuous; the lamp on the inside is blinding, and



N.A.C.A, Technical Memorandum Ko. 597 3

defective riveting.is.élmosﬁ impossible to detect without magni-
fying the individual spots and reflecting them so as to be seen
from the outside. After mény éxperiments the Junkers company, in
collaboration with its inspection personnel, succeeded in devel-
oping an Opth°1 1nSpectlon dev1ce Wthh is inexpensive, yét
simple to opurate. (See Flgu¢c 08.) |

It consists of an obliqué mirror § sef in a telescopic
tube, and 111um1nated by two 13- volt lamps. The connection of
the cables in thﬂ tuoe is purallel with the bayonct sooket through
a spring contact. |

The most Temarkable foature of this instrument is the
diffcrent arrangement of the light source, set before a plane
mirror adjusted to 45°., Figures 69 to 71 show the method of
using tniéﬂinstrument and iliustrate the image of the rivet in
the telescone. | |

The advantages of this instrument are:

1. indispntable inspection of 2ll tubular spars from smallest
to 1argeot dlameter over the entire length as to riveting, and
aspect of 1n01de - de¢00us due to riveting, material defects
(blisters, hairline seams, corrosion, etc.).

- 8.'I£§:nhnpé:pérmits free moyenent in the spar for inspecting
splices, joints, etc.

3. Any. practical Workor without special skill, can operate
it satisfactorily. |

4. A11 delicate"parts of the instrument are recessed to pro-

Al
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tect them from possible damage, thus increasing the life of the
instrument.

5., The telescope requires.no resetting except when lengthen-

ving or shortening it. .

6. The entire tube width comes into the field of vision.

7. It is inexpensive and all parts are interchangeable.

f
Lo

he instrument is mpde in three sizes:
Sizéi I.for 30 - 40 man inside tube diameter
llu" II "‘ 4:0__ 60 .-ll “ ‘ll | . II. _ | !l' |
YI'I III i 60 ___ loo ll “ﬂ i .ll .ll ‘
Interchangeable for these three sizes are:
1 telescope,
1 constant piece,
1 three-wire cable about 26 ft{ long with screw plug,
1 transformer. | | - ; | -
Comparative tests made on old and new riveting with this
instrument are remarkable in their evidengevof‘imﬁrbvéd riveting
prqctiqe, | A.
- The instrument»has.been recorded under a trédgimqu, Through
subsequent improvements and development, the innt»has been . |
reached now where one size can.be gsed-for all practical tube

diameters.
E. Dural and Iron Rivets used in Metal Airplane Construction

Specifications for rivet sizes in metal airplane construc-
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tion are imperative in order to be able to manufacture the heads
.0of dollies and backing-up toolsﬂby.pgftern (standardizétion of
tools). The: head sizes usually prescribed were, asiee‘feoﬁ pﬁrely
practical considerations, (headed on rivet machlne) the result

of the correspondlng rlvet 301nts from the strength standpoint
(contact surfaoe in thln plates av01dance of too-long rivet

shanks, . saving in-time and labor etc )'”i
a) RiﬁetfHeédzéﬁd5clbsing Head (round)

‘L{<31zes of -closing .} heads of rlvets used by Junkers but
furnished heat-treated (by other flrms) (Flg 78 ) 4
Head Shape the Same for Hand or Machlne rlvetlng,

which means.

1

diameter of rivet body‘

d
D - head diameter
h

1

height of head

H
“

radius

6 —~ hole diameter

TABLE II

B Slzes of heads for dural rivets (Junkers)
d ma| 2. oif----'i';é'. 5| 3.0 ss. 4.0 5.0 |- 6:0

¢ oam|.- 2.4 | 8.0 |, 36 5.5 | 4.0° 8.0 f 6.0 -
Dmy| a.4.| 5.5 6.6 6.65[ 76 | 9.5 11.a
©h o co1.4. | 17521 2.45 2.8"| 3.5 4.2

S an| 2.1.|'2.6 | 5.2 | 8.7 | 4.2 | 52| 6.2 -
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For rivets of 3 mm diameter and over:

D=1.9d; "r=1.0 d; h = 0.7 d; 8

=d + 0.2 mn
For rivets of less:than 3 mm diameter:
D=2.2d; r=15d; h=0.5d;  6&=-d+0.1mn
TANLE T11
Siéeléf'heads'forsirgh riVets'(Juhkérsj‘
d mm|3.0[2.5 |3.0]35 [40]4.5 [5.0] 6.0] 7.0 | 8.0
r, "|2.0/2.5 ]| 30|35 |4.0]a.5 |5.0| 6.0] 7.0 '8;0
r, "|2.83|2.75|%.3]3.85|4.4|4.95{5.5| 6.8 7.7 | 8.8
h, "|1.2|1.5 | 1.8]2.1 |2.4]|2.7 |3.0] 3.6| 4.3 4.8
h, "[1.0}1.85| 1.5|1.75|2.0|23.25| 2.5 3.0| 3.5 | 4.0
D "|3.6|4.5 '5.4|6.3 |7.2|8.1 |9.0] 10.8] 12.6 |14.4
& n|3.1|2.6 |3.2]8.7 |4.83|4.7 |5.2] 6.2 7.2 8.2
a) For rivet head:
D=1.8d; 1, =1.0d;° h = 0.6 4;
b) For second head: |
D =1:.8 d; T, = 1.1d; ° hy = 0.5 4;

¢) Or size of both heads like & as for dural rivets.
3. Rivet sizes (Rohrbach) made in own shops.

TABLE IV

Size of heads for dural rivets (Rohrbach)
dma [1.5 | 2.0 |35 |3.0 (4.0 5.0 ['6.0][ 8.0 [10.0

R " |2.25 | 3.0 |3.75|4.5 |6.0 | 7.5 | 9.0 [13.0 {15.0
r " |o0.75 | 1.0 | 1.235|1.5 |2.0 | 2.5 | 3.0 4.0 | 5.0
D " |3.0 | 4.0 |5.0 |86.0 [8.0 {10.0 {12.0 |16.0 |20.0

h " |o.75.| 1.0 ]1.25|1.5 {2.0 | 2.25| 3.0 | 4.0 5.0
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Generally:.
'D=23d; r=0.5d;
R=d+r = 1.5 d;
n=0.54d
6 =4+ 0.1 mm
for d = 2.0.%0 6.0 um.
.6 =4 +.0.3 mm
for .d = 8.0 mm | o

- It femaihs f& e eXpiained Why different firms use differ-
ent fivet—hédd sizes, and whether the questibn of strength is

the cause of the difference in shapes.
3. Sizes of duralumin.rivgtsf(qunier, Figure 74, Table V).

Dimensions givéh'iﬁ-Figurél74 and in parts list for plain
rivets; d to spply dbout 5 mm from the head. - The rivets are
made of wire, 0.1 mm 1em5than the rivet dlameter

A The rivet heads are ‘the same for all r1vet1ng tools.

Forelgn countries are also at present worklnv on new stand-
ards. The S.A.E. Standards Committee is sponsor for the forms
§f the rivets which will be considered standard within range of

sizes govered up to 11 mm (7/16 in.) body diameter (Fig. 75).

A - flat head E - truss head
B - round " F - tinners' rivet
C - countersunk head " G.- coopers' rivet
D - pan or oval head H - belf rivet
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4. Rivet head eccentricity.- The gratifying tendencies: toward

standard rivet sizes have finally nade it possible to define
the permissible eccentricity of the rivet ‘head with respect to
the bod& of the rivet within definite limits.

The discrepancies in ecceéntricity in heat-treated rivets
are often so pronounced that separation as to quality and rejec-
Atlon is necessary. Too much eccentricity leads to- stresses,
particularly in machine riveting, which are bound to result in
incorrect cllnchlng of the rlvets, due to controlled symmetrical
guidlng of tne dolly and buck1ng—up tool A perfect fit is im-
possible unless body and head of the rlvet are concentrlc |

Junkers prescribes a tolerance of less tnan 5% of the body
didmeter; with 0.3 mm-as maximum (in machine riveting where up-
per and lower neader movexents are controlled) ”easurements
made of rlvets in stock and for ordlrary use are reproduced in
the table, show1vg +hewr respeotlve rlvet head eooentrlclty.
Powever, the 1nvest1gatlons regardlng a detalled explanatlon of

.perm1381ble nead eocentrloltles have not yet been concluded
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TABLE V
| Duralumin Rivet Dimensions (Dornier)

Rivet diameter
(nominal diameter for manufacturer .
and user) d |2 2.5 3 3.5+ 4 5 6 7 8
Driven -rivet diameter
(hole diameter) decisive for cal-- .
‘ Rounid Ah ead o .
.. .. . .. |pD.=R.=1.8 4 [3.6 | 45 | 5.4 |'63 7.2 | 8 = | 10.8 | 12.6 | 14.4
Rivet head - - |k'=T =205 d |1 12.5 |.1.5 | 1.75] 2 2.5 3 3.5 4
o - To = 0.056 4 | 0.1 0.1 0.2 {0.2 | 0.2 0.3 0. 0.4 0.4
o Di =Ry = 1.6 d 3.2 | 4 4.8 | 5.6 |- 6.4 | 8 9.6 | 1l.2 12.8
C;OSlng head ki ___ ri": 0.45 a . . ¢
: R - "Plat head g
SV D =R =1.8 4 |3.6 4.5 5.4 6.3 | 7.2 | 9 10.8 12.6 14.4
iigg:ngeigaa k =0.2754 |0.6 | 0.7 | 0.8 |1 1.2 | 1.4 | 1.7 | 2 2.3
’ o r = 00125 d 003 003 0-4 O-4 005 006 008 009 1
. j " Countersunk
Rivet head = D =24 . , 4 5 6 7 8 10 12 14 16
closi ng he’aa q4 ke ' 0.8 1 1.2 1.4 ! 1.6 2 3 3.5 4
- T 1059 900

L6G *ON UMpUBIOWSN TEOTUYOR *V'0 V'N
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TA

[92]

LE VI .

Rivét'head-ecoentrioity‘

Rivet dead eccentricity in  Some showed
diameter - majority of .° . ! | eccentricity of:
- measured rivets ' | :
3 3.3% to body | 8.4% to vody
diam. = 0.1 mm" 1 diam. = 0.25 mm
4 - 3.7% to body 1. 8.8% to body
dian., = 0,15 mm’ | diam. = 0.35 mm
5 4% 40 body | 8% to body:
diam. = 0.230 mm. . diam. =.0.4 mn
6 . 5% to body - - .9 5.8% to body
diam. = 0,30 mm diam. = 0.35 mm

b) Closing Head (Flat head - Junkers riveting)

For flat headé,'asfﬁéed for insidefriveking of tubing, the
standard sizes corresponding to Figure 76 and Table VII are;
prescribed. |

. TABLE VIL-

Rivet . . A -
diameter - |- - D - h

d B

. |- - pm - in d mm
2.0 ' - 5.8 = 1.90 1.1
2.5 4.6 -1.84 1.3
3.0 5.5 1.88 | 1.6
3.5 5.5 1.57.| 1.7
4co;'- :600: : 1150 . 800
4.5 6.8 1.51 3.2
5.0 7.6 1.52 2.5
6.0 9.2 1.53 2.9
7.0 10.6 | 1 1.51.| 3.5
8;0 18-8 . 1058 4:.0 O
h (mm) = height of rivet hcad

D (iam) = closing head: diemeter
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c) Body Dimensions

1. Body diameter.- To conform with .the mode of riveting on

the riveting machine, the body of the Tivet is-slightly conical.
(See table for dimensiqns and size of cone'shape;)i The toler-
ance in body dlameters is 1mportant when de01d1ng on the re-
quired hole diameter for drllllng, and the dlameter at the end..
of the r;vet is 11K€W1SG of 1mporhance because the necessary
volume for forming the second head and filling the hole depends
on the actually selected raw rivet material. |
Ordinarily the hole diameter is drilled 1/10 mm larger than
the ‘nominal body diuméfefadf-the ;ivét:ﬁwhich means that this
rule ﬁbplles pr1n01pa11y to hana rlvethg onlv  Based upon the
deolslons of all alrolane factorles the follow1nv 1lst of tol»

erances was established:

Rivet nhole ”‘sdr'ew h o 1 e

2,0 mm 2.1 mm e o T

2.5 " | 2.8 " 4

3,0 3,1 —%;—-3

4.0 " 4,1 n - '__’:,!4 " 4,0 mm A'4.'2.ré1m‘ éfb

5.0 " | 5.1 S 5.0 5.2 " pt3

6.0 " 6.1 " & 6.0 " |.6.3 " &

8.0 " 8.3 & 8.0 " R i3
16;0;30.0nm;'scfew diam. %¥%f¢
T +Co0 mm
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" TABLE VIII

Rivet tolerances (see also Fig. 77)

~ Hole . Body A Tolerances
digmeter diameter ~ from + . -to -
2.1 2.0 0.03 . | 0.03
2.6 2.5 0.05 0.05
3.1 3.0 0.05 0.06
4.1 4,0 0.05 - T 0.08
5.1 - 5.0 0.05 1 0.08
6.1 6.0 0.06 - 0.10°
- 8.1 . - 8.0 0.08 . C.12
10.2 10.0 0.10 ' 0.13

3. _Length of body.- which is important for the respective

rivet -diameter and thickness of. the metalehegt. ,Abqve all,

the calculated sizes for tody ‘lengths, as.they Would Iesult with-
out anything further from the required.volumé, mustlnot be taken
as basls. There is always-a certain pompress;pn,of material N
_coﬁnected with the amount of clinching, 50 that.thé.qalculatgd
bocly lengths, found on a series of rivet experiments, are too
small, even when enlarging of_thé hole diaﬁeter during clinch-
ing, is avoided. (Sheet iron wds"used;)':The tody- lengths re-
guired for the reSpéctive plate thicknesses are computed .as

follows:

‘Using Figure 78 as Dbasis, the volume is -

<3
.

Il
W]

2 (dlz - dz®)

BN
il
=]

4‘d22 a

R D%, B2
=T h \'/,‘8’+ o)



N.A.C.A. Technical Memorandum Fo. 597 = S 13

We have for whole body length

éLXiE (mm)

T dg

°g
and for free body 1ength
Sfp = (sg - a) (ma)

“iguie 79 éhows the cOmputed necessary rivef body lengths plot-
ted agalnst the rlvet thlckneqs for different rivet Qlameters.

By 1/10 um larger dllll nole in plate tnlcknesses up to
5 mm, a margin of f;om.OJQ to 0.5 mim must be added to.the com-
puted body.length iﬁ ﬁosé»oasés; for'iivetipo with the Junkers
‘eccentric press from 1. O to 8 0 am must be added to the calcu-
lated body- length beoaase the rivet is more thoroughly com- '
'pres sed, and the rlvet hole edgus yleld more on account of the
strong pressure - 6000 k» (13,230 10.).

As a rule the rivets carried in stock with over 10 ma body
1ength;.are gréded'for every 3 mm; not all intermediaﬁe sizes
are carrled although in uhe future all lengths in 1 mm sizes
“are to be furnished according to ‘an agrebment with supply firms.
Of the experiments to determine the rivet body lengths for ma-

chine riveting, we shall speak later. A compilation'of'rivet

weights made by the Rohrbach company is shown in Table IX.
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TABLE . IX:

Dimensions and weight per.100 (in. kilograms)of duralumin
rivets, according to Rohrvach
Thickness and length

2,0 X 6 mm = 0,012 kg 5.0 x 10 mn = 0,165 kg
2.0 X 10 " = 0,018 " o 5,0 x 14 o= 0,187 L
2.0 x 12 " = 0,018 " 5,0 x 16 " = 0,198 "
L o 5,0 x 18 " = 0,310 "
2.5 x 6 " =0,023 "™ 570 80 "= 0.230 "
Be5 x. 8 " =0,034 5.0 x 33 " =0,3%2 !
2.5 x 10 " = 0,037 " 5,0 x 2¢ " =0,242 "
2.5 x 123. " = 0,031 " 5.0 X 26 " = 0.253 "
‘ o IR 5,0 X 28 ""'= 0,264 "
3,0 x 8 " =0,039 " 5,0 x 30 " = 0.375 "
3.0 X 10 " = 0,044 ¢ 5.0 x 34 " =0.,296
3,0 x 12 " = 0,048 " 5.0 x 40 " = 0.333 "
3,0 x 14 " = 0,051 " S -
3.0 x 16 " = 0,056 " :
3,0 x 18 " = 0,080 " 6,0 x 18 "-=10,316 "
3,0 x 20 " = 0,064 " 6.0 x 18 " = 0,333 "
3,0 x 26 " = Q0,075 " 6,0 X 230" = 0,350 "
) 6.0 X 3 "= 0,375
- 6.0 x 38 " = 0.412 *®
4,0 x 10 " = 0.093 6.0 x 33 " = 0.439 "
4,0 x 12 " = 0,098 " 8,0 X 36 " = 0.470 "
4,0 x.14 " = 0,105 6.0 X 40 " = 0.501 "
4,0 x 16~ "' = 0,113 ' -
47;0 X 18 " =—‘_Oe_130 n
4,0 Xx 30 " '='0,137 " 8,0 x 30" = 0.874 "
4,0 x 22 " = 0,134 " 8.0 x 332 " = 0,802 "
4,0 X 24" "= 0,141 " 8.0 X 34 " = 0,930 "
4,0 x 26 . " = 0,148 * 8.0 x 36 " = 0,952 "
4,0 X 30 "= Q0.183 3,0 X 40 " = 1,014 "

Weight of rivet heads for parts list weights
(emch 200 rivét heads) = 100 rivets (in kb)

2.0 dlam. = 0.007 rg
2.5 = 0,014

3.0 " = 0,024 "
4,0 K = 0,080 "
5.0 n = Oollo "
8.0 " = 0,180 "
8.0 g = 0,480 "
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F. Method of Treatment and Tensile Strength Specifications

for Dural Rivets

The special kind and quality-of the rivet material calls
fof special rules with respect to strength characteristics and
method of trgatmentr

The rivets are stocked annealed, and the stockroom issues.
daily supplies to the heat-treating crew; which treat just the.
amount required for one.day's use.. The most favorable per%od
for using heat-treated rivets is from four to five hours. All
rivets left over must be returned to the heat-treaters.

Generally it needs no check 'in enforcing these}rules'be—
cause the rivets, used after the 5-hour period, become hard to
hammer and to head, and mechanical defects (shearing off'o£, 
head, etc.) are apt to occur in subsequent woIk. Tpe"apnealing
process requires great care on account of the exact maintenance
of the annealing period, which on the average is from 10 to 15
minutes (according to Junkers' rules for heat treatigg)._.After
delivery of the treated rivets, it is advisable to have the in-
spection section make some strength tests, such as. Rohrbach pre-
scribes, where one or two rivets of each batch is -shear-tested.
This method is particularly advisable. when continuous super-
vision of the man doing the annealing, is impossible; for exam-
ple, by automatic pyrometer setting,.etc., such as Junkers useé

(see Fig. 80, Junkers annealing plant). Of late, Junkers also
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uses rivéts whiéﬁ aré anﬁeaiedtééiﬁﬁo#iio%eivtemﬁéréture (420069
than usual (500 to 52000\;.-But'tﬂeéé'r£§ets are used only for
emergency repalr, where annealing is impossible. A rivet treated
at 420°¢C retains.itsvmalleability'regardleSS‘of the time in
stocks, These rivets are painted red and therefore called "red-
rivets.!  Of course, it remains a question whether these soft
rivets (420°Q) are as rust—reéisting~as-those*treated,at-580rto
520°C. It would pelhaps be: better toigive these soft-rivets a
special shéped head in place of the red‘paint,‘bécause'after a -
coat has been given the whole agsembly, it is.impossible to tell.
the softer from thé harder rivets.

More .detailed rules-and regulationsjon heat treating,-
aging, fufnaces;:and»baths”are.given.in«thej1928p8pecifications -
of the D.V.L.:. .= |

With the éxclusive use .of duralumin-as structural material .
in 1light wmetal consfruation,Mand the prevgiling. thicknesses of -
the  structural components, the rivets are comparatively thin
(1.5 to 8 mm), and 5 to 8 mm rivets are .seldom used.: One of the
greatest.differénoes'between riveting in mechine construction
and riveting in metal airplane construction lies in. the entirely
different'relatipn of rivet diameter to sheet thickness. The
pulled-in rivets do not only fill the rivet holes completely,vj'
but even eﬁlarge them when driven too much, so. that the danger -
of damageuto'fha metal strip at the hole edges must always be -

.reckoned with. The rivets are nearly always slightly conical
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(cone averaging 1.25 : 100) and shape themselves around the head
end‘under pressdme:on the plate edges; .The driiled holes,usual-
1y have a diameter of from 0.1 to 0.25 mm greater than the nom-
inal body diameter of the rivet. The rivet is driven cold, set
with light hammer blows (100 to 500 g hammer weight, depending
on rivet size) -and headed. |

With Pg as the shear by failure, we have

Pg = i d® pg-

pg 1is usually assumed at 25—88_kg/mm2, and the crushlng pres;
sume by failuie (safety factor = 2) at about O kb/mmz Here

1t should be noted thau the nommnal r1Vet dlamete;.ls always
used, Because the body dlameter is 00ﬂ51derab1y compressed
while being hammered down, a safe marvln is ensured Rlvetlng
of oold—drlven rlvets is natu;ally expens1ve and reQulres great
care. A0001d1ng to Baoh the amount OL ollppage 1s of first im-
-portance in strength considerations of hot-rlveted joints, andc
shear is second. In’oold-riveted joints as dsed in.German metal
alrplane coqstruotlon the SUrength oalculatlons are based on
the shearlng strength of the rlvet body and also 1nclude Sllbht

bend;pg stresses. (thls applles to lap ;1vet1ng)
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G. Dimensions of Heading Tools, Dolly Bars, Riveting Sets, etc.

‘a) For duralumin rivets.- The rules governing the size of
rivet heads apply in most cases to the sizes of the heading
'tools-as well., Tables X to XIII give a descriptive picture of
the’shape and size of principal heading tools used chiefly for
hand riveting. Of course, there.are times when the shape of a
particular piece calls foi.a differently shaped heading tool
from those shown here as, for instanoe for riveting at the
edge of a sectlon by grlndlng off one 31de of haif-round grind-
ing for *1vet1pg corluvated strips, eto. The headlng tools must
be smoothly pollshed oartloularly as used by Rohrbach, while in
the Junxe¢s type rlvetlng thls ig not so oarefully enforced
beoause, there 1t is 81woly a matter of settlug the headlng tool
on'top of the rlvet head Moreover 1t is reoommended not 0
make the headlng tool exactly 11ke the closing- head tool or the
final olocuncr head shqpe oeoomes too hlvh. As a rule the dolly
is kept a 11tt1e lower because there is always“some burring left,
and the dolly must in no case touch the metal strip. A cértain
tool steel "Durax W is generall& used;- (Héading tools used as
dies for riveting machines arTe desciioed under ﬁMachine Riveting"
(See Part I of this article - N.A.C.A. Technical Memorandum No.
596, page 36.)

b) For iron rivets.- Here the same rules appiy as for Gja)

(above).
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TABLE X
Piveting Sét (Durax W Tool Steel) (See Fig. 80,a)
d D d, d, t | R s |- U

3. 12 | 3.25 4.25 | 8 6 7.75 15.3
2.5 | 12 | 3.75 5.25 | 7.5 5 8.75 11.6
3 15 | 3.25 6.25 | 9 . | -7.5" 9.75 18.7
3.5 | 15 | 3.75 7.25 10.5 7.5 1 10.75 | 15.2
4 15 4425 8085 g-o 7:5 lln75 11.6
4.5 | 18 | 4.75 9.25 13.5 9 12.75 18.7
5 18 | 5.25 | 10.25 15 9 13.75 15.2
8 20 | .25 | 12.25 18 10 | 15.75 15.2

TABLE XI

Heading Tool for -Iron Rivets (Durax W Tool Steel)
(See Fig. 80,b)

d D R % T a, d, l
2 13 1 3.2 3.7 4.7 8 7.8
2.5 12 1.35 2.75 4.8 5.6 | 6 6.1
3 15 1.5 3.3 5.5 6.5 7.5 - 10.1
3.5 15 1.75 3.85 6.5 7.5 | 7.5 8 .
4 15 2 4.4 7.4 8.4 i 7.5 6.5
4,5 18 2.85 4,95 . 8.4 9.4 9 10.6
5 18 2.5 5.5 9.3 10.3 9 8.5
6 20 : 3 B.5 11l.1 12.1 i 10 8.2

-TABLE XII -
Heading Tool for Dural Rivets
(See Fig. 80,c)
Diameter of ! Recess for
body of | eading rivet head = |. :
rivet tool d, do IR S R L
d D D ho| T, |
am mm mra mm mm ya |- omm mm mm
2 | 12 5.4 g.28! 4.4 1.0 |3 8 13.25
2.5 12 6.5 S.38 5.5 1.25 | 3.75| 6 9.3
3 15 7.6 10.48 6.6 1.5 4.5 7.5] 16.1
3.5 15 ?7.651.10.53 |- 6.65} 1.75| 4.2 7.5 15.96
4 15 } 8.6 | 11.48| 7.8 | 2.0 |-4.8 | 7.5|12.57
5 13 i 10.5 13.38.1 1 9.5 3.5 6 - 9 18.5
S 20 ) 12.4 |°15.281711.4 3.0 1 7.2 10 16.85
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H. Principles and Strength Requirements in Riveted Joints

~ for Light Metal Construction

Aside from welding, rivefing is the most important and wide-
ly used technical means .of making permanent (nondetachable)
joints in machine construction. So the question.of the strength
of a riveted joint plays a prominent role in all branches ofA
machine construotidn, regarleSS‘of the kind of materials used.

In light metal construction, and particularly in-airplane
construction; riveting is resorted to exclusively. Welding of
gtructural components has not been found satisfactory-bécause
of the special kind of light metal used (principally duralumin),
so its use has been restricted. Moreover, while in iron con-
struction, particularly iron bridge construction, hot riveting
was used, the construction of light metal aircraft is confined
to cold riveting, and may be considered as the most perfect
and economical method. |

The use of cold riveting as sﬁch in the construction of
metal airplanes (duralumin) was based upon the following reasons:

1, The type of stress in riveted joints on the main struc-
tural components of an airplane, such as fuselage and wings,

- would make cold-riveting appear advantageous. These components
arc nearly all exposed to high alternating stresses, for which
Bach (See C. v. Bach, "Festigkeitslehre," p. 197) claims the hot

inserted rivet is inadmissible, because such rivets, after cool-
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six hours, can be safely used again.

3. Cold riveting is preferable to hot riveting on account
of the unavoidable temperature effect of hot-driven rivets‘on
other surrounding parts Whieh, if likewise -of duralumin, may .
have under some circumstances a deteriorating effect on the
strength characteristics of these comnonents particularly on:
those of the entire riveted joint.

Here we point to some. hot-riveting experiments of R. Beck,
Duren. (See'Zeitschrift fur Metallkunde, 1937, No. 13), made to.
‘déteérminég swhether the hot-driven rivet remainsaﬁoo,eoft,and
theréfore his insufficient shear and tensile strength, and .-
wheéthner thé heat transmitted by the rivet raises the.temperature
of “the platé in the.-rivet row so as to lower the strength char-
“acteristics. - Thége experiments were made with 33 mm duralumin
rivets (&dlloy- 88la). The rivets were heated for. about twenty
minutes’in’thé saltibath-héater at 500-530°C.  -Any salt adhering
to %hé”fiVe% Waé ¥nocked off, Immeédiately after hammering the
with hot rivets L“iiveﬁ‘and platé were' plunged in-cold water.
After aging 5 days, thHé rivet was ‘sawéd in' two.and the’ Brinell
hardnéss detefmined. - The results showed slight hardness discrep-
ancies in the hot- and cold-hammered rivets, that is, léss hard-
ness and g%éaféi-spréaa*at-fné rivet heads -and splices of the
hot_drived fifefe;.'fbe obtained-veluee:prd#edfthét hot-riveting,
'"although posslble depends to ‘a much vreaﬁer extent on. the rell—

5-ab11ruy and skill of “the - worker (exaot temperature and 1mmed1-
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ate dousing with water) than cold riveting; From the figures
of-the obtained'Briﬁé11 hardﬁess:itfWasiodncluded-that the ho%
rivet, inserted at 500-520°C in ‘the ‘rivet.hole has no detrimen-.
tal effect on the metal plate.

Accbrdingly;lthe mass of ‘the rivet was too small to trans-
mit any detrimental héat to the strip. Nevértheless, Beck 1@-
sists always with respect to the annealing, not.to omit the |
cooling{"iA"feally enlightening éxplanation, however, is to be
obtainéd”bnl&'by'véry"exhausfive strength experiments. We.
might also mention that'Beck'sfaésertion-that_the rivet inserted
.ét aboﬁf 500°0 has no detrimental. effect dn the plate. or the
adjacent rivets, sgriees with Bohner and Westlimming's* experi-
ments oniy under certain conditions. . According to. these tests.
it concurs ' in all5pmdbability'forgindividualjrivets,_but not for
rows of rivets. -Upon=comparing'these,two_expgximents as to
amount of hardnaéss of adjacent,»hotéihsertgd dural riveté, it
was found-that a‘reduction: in hardness, due,to“the:inoreased
heat émission by increasing. the number, of rivets occurs in the
riveting meterial as well as in the sheet mgtal strips.

} In‘consequence“the;principal.advantages of cold-riveting
" in light metal construction, with dural as @atefial,,méy'be
summed up as follows:. . | |
| »a)~Riveting can be done at ordinary temperatufes;
b) Satisfactory malleability of the rivets due.to the ad;‘

“Vantagés of annealing without lowering the strength character-

*Bohner and Westlimming, "Riveting of Heat-Treated Aluminum Al-
1oys." Zeitschrift flr Flugtechnik. und Motorluftschiffahrt, June,
1928, No. 8. S
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istics;

¢) Considerably higher strength and religbility in the
riveted joints in contrast to hot riveting (See paragraph 3,
page 23);

d) Repeated usefulress' of rivets not used within specific
time, by second annealing, without detrimental effect on the
existing Qualities of the material.

DisadVantages:' The trend in recent shop technique toward
standardizing the working processes and cutting down the indi-
vidual work periods may resuit in a disadvantage, in so far as
it concerns an increase in demands made thereby on continuous
heat treatment of rivets and the careful supervision of all
processes connected with it. In this connection, it is again
referred to the thorough and consequeﬁtly remarkable supervi-
sion carried on in all leading German metal airplane factories.

The rivets reach the stock-room hea;—treated. The stock-
room in turn issues, daily oT Weekly, as the case may be, a
definite number of rivets té the aﬁnealing room, where the
amount likely to be needed for one day.is annealed and turnec
over to the receiviné section, whose province it %s to see that
only annealed rivets are used. All such rivets not gctually
used within the prescribed period of four to six hours, must be

returned.
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In a well funning shop, supervision of these rules is un- -
necessary, due to the fact that the Tivets are hard 4o drive,
and :any hardened rivet“één easily cause mechanical defects.

Of coursc, handling of the rivets while annealing calls for
s%fiét'attention, the annealing process taking from 10 to-15
minutes; varying with the rivets, which are from 2 to'6 mm.

To .assure exact temperature and- correct timing in annealing,
cloéks or automatic pyrometers are used. - Lacking these, it is

advisoble to make strength tests.

Strength of Dural Rivets and Dural Strips

BuLoro ﬁ01ng into detail on the utren 'th of aural rlve+
joints, Wwe ehall mae soxe statcmeﬁts revnr01n* the general
streugtn require mcnt" oF the uructu‘~1 materlal and structural
components. vmbre riveting is used,

In conbrastvto a flat bar without holes and evenly loaded
at both cndé by force “P. (Fig. 81), which ih its cross section
undergoes‘(aside from hat near the restraint) anlevenly dis-
trlbu"*a stress O, we take two metal strips deld.together oy
a riveu (Flv. 82 a) wnere tne streqs in one flat strip is ‘
tranqmltbed by means of the rlvet to tne second fldb strip 11ke

a oolted 301nt While, remote frOﬂ the rivet, the stress due

to force P 1s nearly uniformly divided as tension along sec-
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tion :.a-d, Wwe have in cross section Db-b,.:a-basically differ-

ent load-distribution for.flat bar-and rivet, which is, .

a) Tne rivet cross seotlon in 1tq symmetrlcal plane (b—b)
1gnor1ng in Llrst epprox1matlo ‘a oenalng stress in the body of
the ;1vet due to moment P s, | as it aothally occurs in single-
shea? l D rivet JOlnts - 1s 1oadea in shear hence stressed in
shgéil(Fig. 82 b)._ In a s1ng1e rlveu single-shear joint, the

force P now is taken up DJ the orosg sectlon of the loaded

rivet according to equatlon

where
(xg) denotes the shear,

e

‘d  (mm) the body diameter of the rivet, and

Og (kg/mm?) the.shearing strength of the Trivet
material.

Accordingly, we have for a multi-rivet, single-shear joint,

where, 1 represents. the number of rivets, and for .a multi-.

rivet, double-shear joint, i

P=2iyad®og - (1a)
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B) Assuming frictionless riveted joints,;tbe tqtal stress
in the rivet plate in section . b-b comprises the following in-
dividual stresses; N

| Blf Sectioﬂ.%é ay of ‘the rivet plate on the side of the
hole below the rivet b&éy is undef'CCmpréssion;"hehcé under
crushing préssuré-(Fig; 83).

In a single riVet,Asiﬁgle shear riveted joint in conse-
quenée the stress P acting on the face of the hole is taken
up by the cross seétibn of the shaded sides of ﬁhe‘hole in the
projection according to eguation

P=dsog (2)

where | |

P (kg), the crushing pressure,

- 4 (mm), the diameter.of the body éf the rivet,

s (mm), thiékness.of plate,. |

1, (kg/mme),crushingisfiehgth of blate.
'Heréﬁylit should also be noted that the crushing strength is
always contingent on the edge distancg e, because:

The cross section of.the pléte, in addition to stress P,
is subjected to a stress in shear in section (s e). (Fig,'84),

for which equation (3) is valid:

L
P=23es oy =7d° o4 (3)
with e (mm), distance from edge, and

og'(kg/mm?), shearing strength of the plate.
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"Now in machine oonstruétidn, we génerally write

04'-= 0.8 X 03 and, instead of (e + d/2), we base the calcula-
tion on distance e.

B-) The cross section of the model plate in b-b is, more-
over. stressed in tension in the-direction of force P. (Fig. 85).
Ordinarily we now assume that the tension stresses in this sec-
tion, weakened by the rivet hole, are uniformly distributed
over the cross section - assuming-ﬁhat the safe tension remains
far enough below the yield limit, just as the. safe crushing .
pressure remains below the crushing -strength, for only then are
equally high degrees of safety* valid for all individual struc-

tural components. The equation reads

P=(b-d)s oy (4)
'Wherév

b (mm), - width of plate,

dz (kg/mm?), - tensile strength of plate

and by arrangement of several rivets

"P=(b-1d)s og . ' (4a)
with ‘ ' |
Lo i = pumber of rivets. -

*Jeidmann bases the validity of a lower safety factor for the
permissible crushing pressure than for the tension plate on the.
following: ,1) the stress, in contrast to the free plate loaded
over its whole cross secfion, is here distributed over a compara-
tively small vortion of it; 32) the crushing or crumpling of the
sides of the ‘hole upon rcaching or after c¢xceeding the crushing
strength is small and local ly confined, and spreads only a little
within the structural material; 3) this crushing produces a cer-
tain material hardening at the hole edge, while in the free plate
it spreads over the entire cross section and for a considerable
length. (See Erwiderung Weidmann, Die Bautechnik, No. 7, Febru-~
ary 17, 1928,)
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According to previous eipefiments,-it:is,not to be assumed
that the stress distribution over the cross section weakened by
the rlvet ole is uniform'within the entire range of deforma-
ﬁibn.' Fer instancs, according to Preuss' experiments (Zeit-
ssﬂfiffAdes-Vereines:deutssher Ingenieure, 1912, p. 1780, -etc.)
on stress distribufidn of uniformly“sﬁressed—in—tension'iron
bars of the same width and different hole diameters, he found,
for the cross sectiéhwmdst weekened byuthe hole within the elas-—
tic rsnge of deformation, that the maximum stress Omax &b the
edge of the hbie’feadhes 2.1 to 2,3 times the value of mean
stress ¢ by assumed uniform stress distributioniover-this sec—
tion. ' M :

An zpproximate picture f the stress distribution is seen
in Figure 86. It was, woreover,-ascertained that the effect of
the hole diamefer,is practically nil as far as this distribu-
tion is concerned. The stréss and the stress distribution of
the rivet plate in section Db-D is in.our case much more com—
plicated, but at any rate there is the possibility that the
alstrloutﬂon in thls cross seotlon is pe;h ps wholly similart.

5leloh 11ke Preuss sfter mauhematlcal saléulatibns on

stress dlstrlbutlon in riveted joints?,,éame to.the. conclusion

~that the leenslons s“oula be such that the caisulatéd hole
‘[edﬂe t;esses do not -exceed the elastlc limit. Acsording to his

calciilations the values for opyag Were four to five times great-

er than O.

*Bleich, "Theory and Calculation of Iron Bridges," page 260.
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Now the conditions are not quite as simple in a material
such ‘as dura lufln; the reQuiTemenﬁ, aftef'éXCeeding the elastic
1imi® cahnot'be‘so quickly'complied With'bebéuse‘thefe is no ex-
pressed yield and:pidportionaiitf'fimif. “in soft iibﬁj‘fof'éi_
.amplé, the stress-strain curve shows a “wholly different aspect
for a certain &tress and at a certain point, either by a dﬁbb or
jump in the curve,’ so that the stTess at that'parti:culal; gjdi'ni
can be designated as "yield" or "flow" limit. According ta tﬁe
étaﬁdafdized“?orm'i608, Material Testing," the "yield" or i £ ow!
1imit is always the stTess at’ which the testing mschine indi-
cator stbﬁs'Iegistéring or goes back, even th oa sh the length
changes ir the Sest speciien continue.

The stTéss-strain curve shows direétly:thét,’uﬁon reaching
the respective strengih, the curve of the deformations has a
m'éiedrly’defihed tend .or jump; or in ofhéf'wdrdéi above this
point the defofmatidns:iﬁCréase moTe Trapicly and'aré iore irreg-
tlar. | | o | .

Conditions are different with durslumin which, 1ike all
alum;nun a71oys and nonferzous’ metal” déesandt”shbw ahy,ex—
preSSéd.eIastiéifyﬂéveh uﬁdéf Minimam loads and stresses. For
“that Tédson it was decided to tdke ds limit of safe stress that
 Iimit.éi:Whibh“%hé'form é? nges assuié a certain amount. So,
for inéténbe;‘we peuk of a "0.3 11u_4,“ which means that stress
at Wﬁich the onrmanent eLo“Datlon ‘is 57 of the measured 1ehgth,

and of a 0,03 limit," as the "elastic’ limit" Wwhich is the strain
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where a permanent elongation of 0.02% of the measured length re-

mains. However, it should be remembered that these figures are
arbitrarily agreed upon and do not wholly interpret the.borrect
meaning-of:elastic.limit of soft iron, for example, because this
definition presupposes thav the respective material roughly fol-
lows ilooke's Law. .This, however,; is not thé casé in duralumiﬁ.
Kore than in any other material the 0.28% or 0.03% limit is not

a constant characterizing its actual character. It simﬁly repre—
sents a temporary load figure, i.e., a value for the continuously
more-or-less pronounced curvature of the stress-strain curve.

One general requirement in machine c¢onstruction is that,
exceeding thé elastic limit of any structural compoﬁent,‘ﬁhile
in'operat;pni is prohibited. This redquirement alone can un-
doubtedly never be complied with in light metal airplane.cénéﬁruc~

tion.. P. Brenner* points to the generally accepted and recog-

nized fact that this request is, as a whele, impossible to Hc-

cede to,_bccanse the elastic limit, particularly of light ﬁetal,
is oqmparatively lower and its acceptance as safe limit would in
many cases lead to too heavy structures. Then inasmuch aé the
operating conditions assumed in the strength calculation of air-
planes hardly occur in normal operation, and merely'distinguish
the.e§trgm§ arnd most unfavorable conditions, Brenner holds it to
be jgstificd in allowing a slightly higher stress betwcen the

0.02, ancd the 0.3 limit. Farther on, Breaner writes: "Any at-
? )

*P. Brenner, "Lautal as Structural Material for Airplanes,”
Luftfahrtforschung, Vol. I, No. 2.)
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tempt to definitely place this safe limit at present, is prema-
ture because of our laCk of accu;ate uata on the magnitude and
klnds of stresses occurrlng in fllght and our 1nsu11101ent re-
search on the benavior of the structufal'ﬁétérials'under such-
stresscs. éutfzit'-" may be stipuldted that the yield limit should
not..oe, exceeded 1n operatlon _el e we woula 1nv1te forn c?anges
which mlght endanger the snfety and rellablllty of an_éirélane‘
structure." - o N e | | |

But far mofé éoﬁﬁiiéated'and'debgﬁédfwéré %héée gquestions
of deformations at thé:iﬁéﬂguraiibn of the strength specifica~
~tions forcriveted'jointé.A-13;;, A

o Withirespect:to streagth: in.riveted. joints in metal airplane

construction, particuylarly duralumin, the question remains the
same . as for. riveting -ironx metal joints: . Are permanent, deforma~
tions of .the whole riveted joint.and local deformations adnais-.
‘'sible or inot? . Schaechterle, in~summariz;ﬁgﬁthedrgsplts of .ex-
tensive tests in iron brigge construction, .stated -that local .
- deforaations. would ‘have-to:be taken into the bargain (this ap-
plies particularly to hot riveting). if riveting was to.gain.a
foothold. . The same applies to-duralumin.in,airplane construc-
tion, although a perféot fit of the rivets is genexally,ébtained
by cold riveting. The size of these deformations is left for
future tests, to which we sheall refer again.

In the following we give various strength factors used in‘

German metol alrplane construction with duralumin as material.



34

N.A.C.A. Technical Memorandum No. 597

1. The ultimate shearing strength of Trivets is expressed as
and the. shear at failure. as

Prp = % d® o5 gy = (18.85 to 20.4) d°> (kg)

S

~Assuming a mean ultlmate sheallng strength Og Br of 85,0

kg/mn2, P beoomes

4% 35 = (1) 19.84 & (kg) | .

Wi

i .
APz = (1)

i = number of rivets.

Table XIV shows the safe shear at failuré computed for dif-
" ferent rivets. Théese values for shear P Were computed with
the nofinal diameter of the Tivets as'baéiéf";Thé’indféasé'in'
body dlquetGI due to cllnchlng and fllllng of the rlvet hole,
which usually is 0.1 to O 25 mm larger in dlameter ylelds a
margin of safety for tne strength of rivet’ 301nts which is not
further conSWdered in the calculatlon.'. : .

Accordlng to another rlvet table’ used in metal alrplane con-
structlon the shear P is found for dlfferent rlvet diameters
(Table’ XV) ‘1fhe5ﬁ1timéte:sheariﬁg stfength ef"the:rivets is

given as GS Br“ 19 te'25'kg/mm2.
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TABLE XIV
SHearing Strengsh at Failure for Different Rivets -
Rivet diameter d- mm | 2,0 3.5 3.0 4.0 8.0
Rivet crooo section;»‘ . '
-~ 3.1416! 4.9087 7.0688] 13,5684 19.064%5
.-_d ri2 ! ] e ] .
\4 | i -
. sm,gale shear kg | 78.3° (113.0 1177.0 314.0 490
+ O !
@ H . |
gt:&fdouble shear kg [187.0 2336.0 384.0 628.0 980 -
(l‘
TABLE XIV (cont.)
L;vet diameter .d  wm 6.0 8.0 9.0 10.0
Rivet cross sectlon : o
/2 26.2743 I 50.3GE5 83.6173 78.539
= d e '
\I s . -
single shear kg| 707 1557 1330 1933
+ O
O &
o I 1 i .
;*,?35? double shear kgildlé | 2514 3180 - 3926
& o !
&
TAELE XV
. 'Sheur at Failure for Different Riveis
Rivet diameter d mm ; 000 | 3.5 | %0 | 4.0} 5.0 | 8.0 8.0
, single shear kg | 80.; 110 | 180 | 270 | 400 | 570 | 950
T ! i % l ' |
H3 m i ! . ‘ : | :
gggn.double slear kg | 18 0 | 2307 320 | £40 | 800 | 1140 | 1900
o i
ED‘-H
That is, decressing as the size of the rivet increases, as
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TABLE XVI
Ultlmate Shearing bt;ength of Different Size Rivets
Nom1nal diamcter : N R : .
d . fJ?O . 3. : 3-0 4.0 5.0 600 800
mn : y . . A . o
95 Br . |2s5.5 |22.5 | 22.5 |21.5 | 20.4 |20.2 |18.9
ka/mm= . S e _ : _

Toking into account” the changes in shearing strength, Table

XVII shows for shear P thae following}

TABLE XVII

Ultimate Stlcnguh in Shear Dupendlng on Rivet Diameter

Rivet diameter d  mm 13,0 2.5 3.0 { 4.0 5.0 8.0 8.0
single shear kg & 30 | 17.8 | 17.7 | 17 | 16 | 15.8 | 14.8

~
m
1 Ay

8

falluré

double shear kg d°| 40 35.3 35.4 34 | 323 | 31.6 29.6

Shear at

The salection of lower shearing strength values by increasing
rivet diameter may be based on the fact that, by increasing the
rivet digmeter the relation of cross-sectional areas of driven
to plain rivets beoomes °maller wﬁen - as is mostly the casc -

" the rivet hole is drlllcd 0. l mm 1arger than the described rivet
'dlameter. As a reqult the body cross sectlo Aresultlng from'
cliﬁohing becomes smaller with.respectAto the nominal cross sec-
tion (from 1.1 at 3 mm rivet diameter, to 1.04 fof 5 mm riﬁet
diameter). The safety margin is lowered.

This decrease in shearing strength values by increasing the
rivet diameter can also be based upon the lesser malleability of

the rivet as its diameter increases.
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Figure 88 shows the shear at failure P for single and
doﬁﬁle shear riveted joints plotted against the rivgt diameter,
i.e., foi ultimate sheﬁring strength og Br’=>35 kg/mm® = con-
stant, and o5 gy = 19 to 35 kg/mm?2 (variable).

2. The crushing strength for a duralumin plate is usually
expressed as (With o1, Br = 60 kg/mm® for ultimate crushing
pressure) .

Pgr = 8 4 Of Br
where s (mm) = plate thickness, d (mm) = hole diameter. Now

the crushing pressure at failure reads as

Py = 60 s d (kg)}

By équally good use of a riveted joint as to cruéhing and shear
at faiiﬁre, we have . |

. T 2
Pgp = 8 4 o, gr =7 & OgBr

Given the .rivet diameter and a rivet hole equal to the rivet

diameter, we have for single shecar rivet joints

Pgp = 60 5 d = 19.6 &° (kg)
a) when oL Br = 60 kg/mm?
s = 35 kg/mmﬁf..

and 0s BT

Then the minimum plate thickness . & for different hole diame-

ters 4 Dbecomes

s = 29:86d > 5 325°d (mm)
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8) Yhen o7 = 80 kg/mme and os
ent for dlLLelent'riVé olameters

equation for the r1n1m1m plute tnlckness ”éw

diameters reads:

: 19 to 25 kg/anz differ-

aocoralng to Table XVI E the

for dlfferent ;1vet

a (mm)

oy g (Be.0 to 14:8)
o :

60

Table XVIII shows the minimum plate thicknesses for differ-

ent rivet diameters and the respectively different o«
- Y

TAELE

Values.

XVIII

Hinimum Plate Thiokﬁesé”fdr*Different Rivet' Dismeters

and Shear Values

Rivet diameter & mm | 3.0 2,5]

3.0 4.0 2.01 6.0f 8.0

Shear: at . failure P —

single shear kg d° | 20 |17.6| 1
|
Minimun plate thlckness! o
s mm & - 704333 P.893 0.

If, as is ‘common practice

larger than that of the rivet,: the hol

puting the plate thickness .s. If s

to find the respective rivet diameter,.

7.70 17 | 16 | 15.8] 14.8

29510.283(0.266|0.263 0,247

, - the .diameter of the rivet hole is

e’ diameter -is used for com-
is known and it is desired

we have

o
[o}]
O
N

A

(&

[ ]

O

(mm)

@) when 5L‘Br = dekg/mma, and

required rivet diasmeter by given plate

og pr = 35 kg/mm® for the

“

thickness s, anad

60 s

< .
[d = 20.0 to 14.8

(mm)
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. .. B).when.. op, py.= 60 kg/mm?, and ogpry = 19 to 25 kg/mn?
for different rivet diameter (variable) according to Table XVI.
The required rivet diameters 4 conjugated to .the different

’

plate thicknesses s are compiled in Table XIX.

ABLE XIX.

o

Different Plate Thicknesses and Respective Rivet Diameters

According to Shear Values of Table XVI

Diameter 0f § = mm - | 2.0] 2.5 | 3.0 | 4.0:/ 5.0 | 6.0 | 8.0
Tivew -hcle . oo ' A

hear at failure. Ppr . ! .
single shear kg d® |20 {17.6 !17.7 (17.0 {18.0 |15.8.]14.8

Rivet digmeter d =
mm 8 '

[$A]
L ]
(@]

3.41] 3.39 3.53] 3.75 | 3.8 | 4.0



TABLE XX

Shear and Crushing Pressure at Fallure for
Different Rivet Diameters and Plate Thicknesses.

Rivet diameter 2.0 m|2:5 mm{3.0 mm|4.0 mm{5.0 mm} 6.0 mm|{ 8.0 mm
= . a - Q
Shearing strﬂgth 65 Br o Ppy single ;hecur kg (80 110 160' 270 | 400 | 570 .5oh5
= 19 to 25 kg/mf 2 Py double shear kg  [[160 220 | 320 540 800 [1140 190@,——%
- < T I
Shearing strength s gy 8 | Pp,. single shear kg 78.5 ,,._11:3 (177 1314 1 490 1 707 125ﬂ~ﬂ
= 25 xg/ S | Py, double shear kg ME7.0 | 226 | 354 | 528 | 980 1414 |2514f
0.2] 24 30 |. 36 48 €0 72 96
& 0.3| 36 45 54 72 90 | 108 | 144
i 0.4; 48 60 72 96 | 120 | 144 | 192
> 0.5] 60 75 .90 | 120 | 150 | 180 | 240
Moo 0.6 72 .90 | 108.: 144 | 180 | 216 | 288
52 0.7{ 84_ i 105 | 124: | 168 { 210 | 258 | 336
~ 8 0.8/ 96 126‘ 144 ;1 192 | 240 288 384
o 0.9]108 J1z5 ¢ 162 1216 | 270 | 324 | 432,
5 * 1.0{120 150 | 180 {240 |.300 | 360 480
o R 1.2]244 1-180 | 216.[ 288 | 360 | 432 576
- 20 (1.4 lea 1210 loes2 TE3e | 420 | 504 | 672
- Wé 11.61192 240 . 288|384 || 480 | 576 | 768 |!i
< K 1.8{216 - | 270 § 324 | 432 540 648 | 864 | {!
B, 2.0[240 300 | 360 | 480 800 | 720 | 960
Ll 12.4/288 380 432 4 576 720 ! 864 /1152
o B 2.8!336 420 | 504 | 672 840 |1008 11344
5 % 3.2{384 480 | 5786 | 768 | 960 [1152 1336
5 3.4/408 . | 510 | 612 | 816 "T020 F1224 | 1632
3 3.6/432 . | 540 648 864 |1080 }1296 |1728
Py 3.8]456- |.570 664 | 912 1140 1388 1824
&0 4.0 : TI440 11920
= ‘g 4,2 2016
o 4.4 2112
S 4.6 2208
S 4.8 2304
5.0 2400
5.2 12496 _ __J

LE6G *Ofl UMPUEIOWSH TEOTUPAL *V'O°'V'N
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Figure 88 shows the ‘P values plotted against plate thick-
ness s for op Br ='60 kg/mm2, and for different rivet diame-
ters, or better, rivet hole diameters d. It also shows the re-
spective diameter d and plate thickness s for the best riv-
eted joint. Table XX is a compilation of the crushing and shear
at failure for various rivets and plate thicknesses.

In computing the éhear.values US-Br - 25 kg/mm? 1is used
the size of the rivets is the same, or ogpr = 19 to'25.kg/mm2
if the size of the rivets increases from d = 2.0 to 8.0 mm diam-
cter. The respective minimum plate thicknesses s ascribed to

i

the - P values are marked by the heavy blank line.

]

Tests on-'Tiveted joints of duralumin plate have ‘also been

7

mace in other countries, and particularly in the United States
by the Department of iechanical Engineering of the Massachusetts
Institute of Technology. From the data by H. F. Rettew and'C.
Thumin: "Tests on Riveted Joints in Sheet Durslumin,” published
as H.1.C.A, Technical MNote No. 185, 1923, we abstract the follow-
ing: Thc expuriments consisted of twenty-six tension tests on
various forms of single-riveted lap-joints. Thrce thicknesses
of duralumin sheet were used: 0.5 mm (.020 in.), heat-treated;
1.0 ma (.040 in.) heat-treated; and 3.4 mm (.095 in.) annealed.
While ueking the tests the slippage of the joints was measured
at three points across each joint. In addition, stress-strain
curves were plotted for plain unriveted) tension specimens, and

o, chemical analysis was wade of the metal sheet, although the
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Tivets were not, onalyzed. . The rivet matericl wos annealed dural-
cumin wire; the heads were swelled before riveting.
. The test of the used materisl in tension has been compiled

in. Table XXI.

" PABLE XxI

Tensile Tests of Rivet Plate, According to Rettew and Taumin

. Heat-treated Annealed
Plate thickness s ram 0.30 1.00 2+ 40
Elongation (BOS:Q.mm =8 in.) % 13.67 | .19.53 | 12.55
Elongation ( 50.8 " =23- " ) % | 14.83 24,35 17.75
Yield point - oy xg/mm? 19.50 18.40 - 9.70
Tensile stremgth of -  kg/mm? 29.80 | 39.80 22.30

Nodulus of elasticity E kg/cm? 795200 [ 787500 | 636900
Reduction of area V¥ % 15,33 19.97 34.48

Ratio of yield point to
tensile strength’

Ons . / ‘ o
5 100 | % | 49.10 45.60 43,70

-
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TABLE XXII
Comparison of Tensile Sirength Values of Riveted Joints

with Commercial Material and According to Rettew andThumin

Values from Rettew & Thumin
Commercial . Suggested for
values Computed design of .
.joints
Tearing oy kg/mm2 39.0 38.0 35.0
Crushing op kg/mm? 32.0 S 74.4 i 70.0
Shear oy  kg/mm? . 18.0 28.0 28.0

The most surprising results of these tests were the unusually
high o1, and og values for riveﬁé and pletes, which far ex-
ceed the basic tensile strength figures and are attributable in-
part to the friction of the riveted plates and reinforcement of
the rivet heads. In Table XXII we show the obtained strength
values compared to the ordinary test values, along with the rec-
ommended strength values for future calculations. The recom-
mendations made by Rettew and Thumin are tabulated »elow and
plotted in Figure 89.

Table for Tearing and Shear by Failure of Riveted Joints
in Duralumin Siieet (according»to Rettew and Thumin).

English Rivet Strength Values

'Ky = 3500 kg/cm®
K[, = 7000
d = rivet diameter (wm)
8 = plate thickness (mm)
ty = piteh .
Pg = failure by shearing (single shear) = 22.0 d° (kg)
{double " ) = 44,0d%®
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Py, crushing = 70.0 d s (kg)
Py  tearing = 35.0 s (ty.-= d) (kg)
Critical rivet diameter (single shear) dg
: (double. - " ) dp
Oritical pltch (81ngle Tow) tx
(double " ) ty =
(trlple- " ) tK
Lap =.(2.5 to 3.0)d (cm) : :
Distance between<rows (staggered) = (1.0 to 1.5) t (cm)

o
- 0

nepon
O A
Qo

The otrength values appearing in Figure 89 are based upon
the folloW1ng equations.

a) Shear by failure:

P = 2 d® og = 33 d° (single shear) (kg)
P = g'dé 0g = 44 d® (double shear) (kg)

b) Crushing by failure of rivet plates:
P=2sdop="70S8 d,(kg):‘

¢) Oritical rivet diameter: L
P=(b-4d) s o0g=235s (b-d) (single riveting) (kg)
P=(b-1d)sog=235s(b-1id) (multi-riveting)

where (kg)
d (mm) = driven diameter of rivet,
8 .(mm) = thickness of plate,
b (mm) = plate wi&fh,
i = number of riveté.

In reading the chart one usually starts with the plate
thickness s ~and finds the intersection with one or the other
"of the shear curves P for this s, depending on Wnether it

~is a single or double shear rlveted joint. This 1ntersectlon
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point gives the critical rivet &iameter. As a rule the some-
what larger (preferably) nearest available rivet diameter is
chosen and the shearing strength P 1is read on the scaie of
the ordinates. If the chosen rivet diameter is above the crit-
ical figure, the ordinate of the plate thickness line is used;
if below the critical figure; the ofdinafe of the chear parabola
is chosen. To find the pitch, read down f;om the chosen diam-
eter and také the nearest convenient.pitch; but iargei than that
given by the graph, for reasons of éafety. (See example in |
Tig. 88) - |

The éritical rivet diémétér, according to Rettew and Thumin,
is: ‘ | ' : | |

d
d

.2 8 (for_single.Bhear'rivets;
6 s (" double " ¢ i

t=34d {for single Tivéting)
t =54 " double "
t=7d (" triple = " )
It is good practice to have the lap from 2.5 to 3.0 d and

the distance between rows in douﬁle riveting (stéggered), from
1.0 to 1.5 t. |

. Al11 of the tension failures ir the riveted joints and in
the plain (not riveted) specimens occurred as shear along a 450
angle. _Thghcrushing'failures appééred,to be crushing of the
plate edges and not of the rivets; élthough the heat-treated
. plate has thg higher tﬁeoretical strength.of the two. The shear

failures were instantaneous while the distortion which preceded
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a’fgi%ure vy crushing or tearing wés gradual.

One noteworthy result of the tgsté_for slippage of the rivet
joints is that in nearly every case é redistribution of load
@@kes place at the lower stresses; in general, the slippage is
small and unimportant.

However, thé American tests were made with the driven.diam—
eter of the rivet as basis, while in general it is customary to
apply 1t to the nominal dismeter, i.e., the plain (not driven)
riyet_without considering the resulting clinching owing to‘the
slightly larger hole diameter. . It must therefore be expressed
as unusual 1f the American tests use the driven diameter of.the
rivet as basis. Aside from the fact that the quality of clinch-
ing always hinges on contingencies, as well as on the dexterity
of th2 worker, such method renders comparison with the usual
strength figures unfeasivle for the reason that the rivet holes,
due to too much clincirz, quite often have enlarged nominal di-
ameters, a fact which surely is not conducive to increased
étrength in riveted joints. In a later section we shall refer
to this again.

I. Tests to Determine the Crushing Strength

of Riveted Joints in Duralumin

-

Object of tests.— It is common practice to define the crush-

ing strength of plates on riveted joints, and then to determine

the crushing strength from the amount of mutual slippage and
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deformations of the plates and bubtt straps. This method is used
very successfully in iron bieidge construction, where hot rivet-
ing is used, and which recently wos made the object of a series
of tests to determine the safe crushing pressure on riveted:
joints.*¥ Here the Crushing st&ength denotes that crushing pres-
sure per cm2 (in kilograms) at which the bearing capacity of the
sides of the holes becomes exhausted.

By the large sizes of riveting joints used for iron and-
steel, with 12 wmm plate thickness, 13 mm butt -streps, and 33 mm
rivet diameter, it was possible to note the limit of the safe -
crushing strength from the distinct bend in the curves. In
thése tests the curvature was measured and plotied against the

crushing pressure as ordinate, with
% 3k

crushing strength 0;2 .
=2 as ordinate.

safe strenglh Ozu1(safe)

a:

This bend in the curve says that the deformatidné are acceler-
atédf&ﬁd-ﬁore erratic as soon as a certain stress is reached.
In‘Figufe 90&, where we reproduced several of'ﬁhese test data
in graphs; the rvespective bends are readily apparent. The
points in three test plates, each from a different test laboTa-

tors wWere combined for one common average, because the indi-
b - (o) 3

vidual figures checked very closely.

*Weldmann, "Wersuche: uber- den zulassigen Lochleibungsdruck an
Hietverbindungen." Die Bautechnik, H¥o. 46, Oct. 31, 1937.

**For example, for steel 48: O,,] = 1830 kg/cm? (og = ~ 5340 kg/
cm2) Ogtr = 3380 kg/cm®. .For steel 37: Ogzyl = 1400 kg/cm?

(G = ~ 3760 kg/cm?) ogtp = 2430 kg/cm®.
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"The crushing strength and the safe- crushing pressure were
determined in two diffcrent laboratories and by a second method
of measurement. The plate eiongations 6 were measured with
Martens' optical instrument over a digtance equal to rivet dis-
tance s:-plus a distance 'x, with x. as;width of plate D :
(Fig. 90G). The 1ines»sﬁowing the & values (Fig. 90b) . plotted
against the above relafion.<1 as ordinate, show a close agree-
ment-with the curves for the curvature neasurements and the bend
in the curve, which at the same time characterizes the safe
crushing prcssure, 1is at about the same height as that of the
curvature‘measurements;

.‘These tests, made in three different laboratories, proved
that the safe crushing strength of = 3.5 Oggfe, .as specified
for German railroads, is justified for the reasoh that the
crushing stfength lies ét decidedly higher o values of
3.0 to 4.0 Ogafe:

Now in the construction of light—metal airplanes the riv-
ets are handled cold. Through:more_or~less heavy clinching the
body of-the rivets fits closely to the sides of the holes.
Quitlerequent;y the sides are subjected to such enormous pres-
sures ~ if too much clinching pressure is used - that the holes
become larger before the riyetihg is completed. This fact was
establiéhed by measuring theAiivet diameﬁervand'the hole dfam—_
eter directly.éffef'clinéhing.fvThe rivets are hand—driven,:aéi

usual, by an ekperieﬁéedfriveter shortly after heatétreating,
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and then inspected with the normal shop microscope. The results,
tabulated in Table XXIII, obviously show the enlargements in

rivet body and hole diometer.

TABLE XXIII

Rivet Diameter and Hole Diameter before and after Clinching

Before clinciaing After clinching Enlargement
Homingl rivet Hole Rivet Hole of
diameter diameter diameter | diametver
dy m d;, mm dyy - dy, mm ay % a;, %
2.00 2.10 3. 42 2,43 21.0 15.2
2.50 2.60 2.84 2.84 13.5 9,3
3.00 3.10 3,55 3.55 18.5 14.5
4.00 42010 40 33 4. 33 8.5 5.6
5,00 £.10 : 5.40 5.40 8.0 6.0

The occurrence of such hole enlargement falsifies the in
terpretation of the test data, when the'cross section of the
plain rivet body and the driginai size of the drilled hole is
the b@sis for calculating fﬁe specificustresées. |

The tést iésults, for instance, of riveted joints of dural-
.umin, with respect to safe crushing strength.as compared to
other joints - say, bolted joints, which merely serve to test
the crushing strength - are erroneous for various reasons. They
are princigally due to-

1. Different size enlargement of holes, caused by too
heavy clinching, and which is hard to determine;

2. Slippage;
3. Reduced plate thickness underneath the rivet head

caused by tightening of rivet, particularly in thin
plates;



50
N.A.C.A., Tecanical Memorandum No! 597
4. Foor fit of plates with resultant less effectiveness
against slippage, particularly in large rivets;

5. Possible bulging of sides'of hole and surrounding’
plate, prior to reaching crushing pressure;

6. Variation in crushing pressure at +he different plate

hole edges, due to plastic deformation of rivet
body. C ‘ ' 4

(The relation between depression‘df‘the rivét'br.rivetxﬁbdy on

the sides of the hole and the pregsure ensuing upon exceeding

the‘elastic 1imit, are'faetors.abdut‘which we knoﬁ very iittie.)
'For‘these reagons ‘and with the ijCCt:Of Cclearing up?ﬁhe

effects of some of the factors mentioned above, it was intended

to make{éome tests on bolted and on riveted joints. In the

following Memorandum (Ho., 598, Part III) we begin with tests
on simple bolted joints to determine the pure crushing strength
by failure for duraluinin blates of different thicknesses s,
o : '
and different_edge distances e, perpendicular, and r, par-
llel to the direction of tension.
Translation by J. Venier,

National Adviscry Ccmmittee
for Aeronautics.
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Fig.90a,b,c Test data on crushing pressure in riveted joints.
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